Agonistic behaviour between male orb-web spiders Metellina mengei competing for access to female webs was examined in ¢eld experiments to test the major predictions of game theory. Winners of ¢ghts were signi¢cantly larger than losers, particularly with respect to the length of the ¢rst pair of legs, which are sexually dimorphic in this species and used extensively in agonistic encounters. The size of the winning male had no in£uence on contest intensity or duration, and neither did relative size. However, ¢ght intensity and duration were both positively correlated with the size of the losing male. Resident males won signi¢cantly more contests than intruders. Winning intruders were signi¢cantly larger than winning residents and it was these winning intruders that tended to produce the longer ¢ghts. Female weight and hence reproductive value had a marked in£uence on ¢ght intensity and duration of ¢ghts won by the intruder but not those won by the resident. This indicates that only the resident obtains information about the female. These data are discussed with reference to the discrepancy with theory and a failure of some contestants to obtain information on resource value and relative contestant size necessary to optimize ¢ght strategy.
INTRODUCTION
Since the application of game theory to animal behaviour (Maynard Smith & Price 1973; Maynard Smith 1974 , 1982 , our understanding of animal con£ict has grown considerably. Any individual that gathers information about asymmetries in likely costs or bene¢ts and modi¢es its behaviour in contests, a so-called`assessor', should receive greater pay-o¡s in ¢tness than those individuals that fail to assess in this way (Parker 1974; Parker & Rubenstein 1981) . This prediction of assessment activity is upheld in a wide variety of studies, for example, on dung £ies (Sigurjonsdottir & Parker 1981) , thrips (Crespi 1986 ), amphipods (Dick & Elwood 1990) , hermit crabs (Dowds & Elwood 1983) , toads (Davies & Halliday 1978) , ¢sh and deer (Clutton-Brock et al. 1979) .
Asymmetries in resource holding potential (RHP), usually measured as body size, may sometimes be easily assessed and the value of a resource may also be obvious to the assessor. In other cases, however, these asymmetries can be di¤cult to perceive and much of the contests may involve attempts to gather accurate information. Enquist & Leimar (1987) suggested that animals repeatedly attempt to gain information about relative ¢ghting ability and resource value and that the accuracy of the information increases as the ¢ght progresses. This was formalized in the sequential assessment model (Enquist & Leimar 1987) . This model was further developed to include a combination of role asymmetry (resident and intruder) and information asymmetry, where a resource holder (resident) knows the true value of the resource but this information is not available to the intruder when the ¢ght commences. Thus an intruder can base its decisions only on one factor (apart from the role), namely the estimation of its relative ¢ghting ability. A resident, however, will base its strategic decisions on its relative ¢ghting ability and the true value of the resource.
An owner should become more persistent in defence as the value of the resource increases. Thus, an intruder with imperfect information about the resource wins thè wrong' ¢ghts and takes over low-value resources (Enquist & Leimar 1987) . Some studies, however, have shown that intruders may gain information about the resource in a ¢ght and adjust their e¡ort accordingly (e.g. Verrell (1986) on newts and Dick & Elwood (1990) on amphipods). Thus information that is gathered varies considerably between di¡erent types of contest.
The present study examines what information is available to males during contests over females in an orb-web spider, Metellina mengei. Males of the genus Metellina engage in pre-copulatory guarding of females, waiting at the female's web for the arrival of a suitable size £y prior to attempting courtship (Prenter et al. 1994a) . The female kills the £y and, for a short period, is less able to predate again thus providing the male with a window of opportunity to avoid sexual cannibalism (Prenter et al. 1994b) . Whilst waiting for this opportunity, however, other males may arrive at the web and contests occur to establish which male will remain. As males may be easily introduced onto webs that already have a male in attendance, these spiders are excellent subjects for ¢eld experiments (Hack et al. 1997) . In one such study with Metellina segmentata, intruders appeared not to be able to assess female quality during male^male contests (Hack et al. 1997) even though previous studies in non-agonistic situations had demonstrated that aspects of female quality could be assessed from pheromones on her web (Prenter et al. 1994c) . M. mengei and M. segmentata are similar in morphology, guarding of females and use of prey in courtship, but they di¡er markedly in agonistic behaviour. The encounters of M. mengei are typically prolonged and may last 20 min or more (R. W. Elwood, personal observation), compared with a maximum of 30 s for M. segmentata (Hack et al. 1997) . Furthermore, ¢ghts of M. mengei, but not M. segmentata, may involve violent grappling during which males may occasionally stop and stretch out and vibrate their ¢rst two pairs of legs in parallel with their opponent's legs. This activity may form part of a prolonged assessment strategy in M. mengei and may also explain the extreme sexual dimorphism in leg length seen in this species. Males typically have front legs 30% longer than those of females despite the body weight of the latter being considerably greater than that of males.
The following predictions from Enquist & Leimar (1987) Ownership, resource value and relative ¢ghting ability are all predicted to in£uence the motivation of the contestants and hence the probability that they will win. However, the ability of the animal to gather relevant information will constrain motivational change (Elwood & Neil 1992) . Motivation may be estimated from the duration (or intensity) for which each contestant is prepared to ¢ght. Thus we can only e¡ectively estimate the motivation, and hence assessment abilities, of losers of ¢ghts because we do not know for how long the winners would have been prepared to ¢ght. When residents win we can estimate the motivation of the intruder and vice versa. By partitioning ¢ghts in this way we can examine the information available to the contestants and, thus, the degree to which they match predictions of game theory as applied to asymmetrical contests.
METHODS
All observations were recorded at a predominantly beech (Fagus sylvatica) woodland adjacent to Audley's castle, Strangford, Co. Down, N. Ireland (grid reference J578508), between 15 May and 21 June 1995. All webs at this time of year are built by females, but only about 50% have males in attendance at any one time. Webs are built in vegetation 20^200 cm from the ground. A number of guarding males were collected for use as intruders to other webs. The use of previously guarding males ensured that intruders were, on average, of equal quality to residents in the experiment. These intruders were held in plastic containers for a maximum of 30 min prior to use. Females from other webs were removed from their retreats but their guarding males were left in place at the top of the female's web. Retreats are usually under leaves and linked to the main web by a signal line 5^20 cm long. Whilst in the retreat the female is unlikely to be directly assessed by males on the web-face. By removing the females we ensured that they could not interfere with a contest as previous observations indicated that some females make predatory attempts on the males as they ¢ght. Intruder males were introduced to the webs by allowing the male to walk out of the container onto a peripheral region of the web, and ensuing interactions between resident and intruder males (nˆ125) were recorded on audio cassette tape. Males are highly variable in size and colour patterns and this facilitated individual identi¢cation. An interaction was deemed to have terminated when one of the contestants dropped o¡ the web or otherwise left it and moved away. In cases where no interaction ensued, observations were terminated after 30 min. Subsequently, both males were captured for measurement and the female was also retained.
In this study the resource is the female. The number and maturity of eggs correlates closely with body weight and this measure is used to estimate resource value. Fighting ability or RHP is typically estimated by body weight or a linear morphological measure. As this species performs the curious stretchv ibrate display of the two front pairs of legs, we decided to use several measures of RHP to determine which appears to be used by the animals. Thus we used body weight and the length of each left leg. One intruder male escaped capture, hence there is a reduced sample size in some of the analyses of morphometric data. The cost of a contest was estimated both by the ¢ght duration and by a score of the ¢ght intensity. Fight activities were given a score of 1 or 2 depending on subjective assessment of cost.`Leg interaction' and`chase' were each given a score of 1, whereas`lunge',`jaw lock',`grapple' and`stretch^vibrate' were each given a score of 2 (see } 3(a)). This gave a range of values from 1 to 10 that estimated the intensity of each ¢ght. Morphological measures were normally distributed but behavioural data were not, hence parametric and non-parametric analyses are applied respectively.
RESULTS

(a) Qualitative description of encounters
An encounter started with the resident male in the characteristic guarding position, hanging from vegetation or threads with his front legs touching the web periphery. The resident responded to the intruder by waving his front legs and then moved towards the intruder, still waving. The intruder responded in one of three ways: (i) it moved towards the resident and the spiders interacted, (ii) it left the web immediately, or (iii) it remained on one side of the web whilst the resident returned to a guarding posture.
During agonistic encounters the two males made legto-leg contact (`leg interaction'). They tapped and beat at each other, varying from low intensity to a very intensè grapple' . There were usually several bursts of mutual grappling, each building in intensity from low-level leg interactions, alternated by short periods of inactivity. During bouts of grappling either male could`lunge' at its adversary, occasionally resulting in both males locking together by their jaws (chelicerae). Whilst in`jaw lock', they continued with leg interactions, which often led to the two disengaging. Alternatively, the jaw lock was elaborated with the unusual`stretch^vibrate' stance, where the ¢rst two pairs of legs were stretched out to the sides and vibrated. Normally, after breaking from this jaw lock, the agonistic encounter was terminated by one spider leaving the web, often`chased' by the other. However, further bouts of grappling were sometimes seen. During the encounter one or both males could lose grip of or leap from the web, retreat or chase the opponent so that the pair often moved both on the web and the adjacent vegetation.
(b) Quantitative description of encounters
There was no signi¢cant di¡erence between residents and intruders on any morphological measure. Out of the 125 observations, 23 intruders departed with little or no interaction and 102 intruders stayed on the web periphery and either fought (nˆ86) or remained without interacting for at least 30 min (nˆ16). The size of the opponents did not di¡er between these groups.
Residents won 63 ¢ghts and intruders won 23 (w 2ˆ1 8.6, d.f.ˆ1, p50.001). For these interactions, resident and intruder males were not signi¢cantly di¡erent on any morphological measure, however, winners were larger than losers on all morphological measures (table 1). The morphological measure that gave the best prediction of victory was length of ¢rst legs (74.7% of ¢ghts won by the male with the longer ¢rst legs) and this measure also provided the clearest di¡erence between winners and losers in paired t-tests (table 1) .
There were no signi¢cant morphological di¡erences between residents that won and residents that lost. However, intruders that won were larger than intruders that lost on all morphological measures (table 2) . Furthermore, intruders that won were signi¢cantly larger than residents that won on all measures except the length of the third leg (table 3) . The majority of ¢ghts were less than 50 s long, but some were over 1400 s, the distribution being a negative exponential (¢gure 1). Those won by the intruder tended to be longer than those won by the residents, although not signi¢cantly so (Mann^Whitney, Zˆ1.805, ¡ X 210:0 s and 69.8 s, respectively, pˆ0.071). There was, however, no signi¢cant di¡erence in the value of the resource, as judged by the weight of the female, between ¢ghts won by the resident or the intruder.
There was no relationship between the size of the resident and either the duration or intensity of the agonistic encounters, however, there were positive relationships between the weight of the intruder and both duration (r Sˆ0 .351, p50.002) and intensity (r Sˆ0 .284, p50.01) of the encounters.
There were positive correlations between the size and weight of the losing male and the ¢ght duration. This was the case for the weight (r Sˆ0 .316, p50.005) (¢gure 2), ¢rst leg length (r Sˆ0 .31, p50.005), second leg length (r Sˆ0 .217, p50.05), and fourth leg length (r Sˆ0 .27, p50.02). There was also a positive correlation between weight of the losing male and ¢ght intensity (r Sˆ0 .235, p50.05). In contrast, the size and weight of the winning male were not signi¢cantly correlated with either ¢ght intensity or duration.
There were signi¢cant negative correlations between the relative size di¡erence of the winner and loser (winner^loser) and ¢ght duration. This was found for relative weight (r Sˆ7 0. Neither ¢ght duration nor intensity appeared to be in£uenced by the weight, and hence value of the female. It might be predicted, however, that residents that are smaller than the intruder might win when the female was particularly largeöthis was not found.
(iii) Fights won by intruders (nˆ23)
When the intruder won, the ¢ght duration increased with resident (loser) size. This was found for the length of the resident's (loser's) ¢rst leg (r Sˆ0 .612, p50.005) (¢gure 3), second leg (r Sˆ0 .562, p50.01), third leg (r Sˆ0 .54, p50.05), and fourth leg (r Sˆ0 .584, p50.01). Absolute intruder (winner) size, however, had no e¡ect on ¢ght duration or intensity. When the resident was large relative to the intruder, longer ¢ghts ensued; this relationship was evident with size of the ¢rst leg (r Sˆ0 .445, p50.05) (¢gure 4), second leg (r Sˆ0 .424, p50.05), third leg (r Sˆ0 .539, p50.02), and fourth leg (r Sˆ0 .469, p50.05). However, relative weight did not in£uence ¢ght duration and there were no e¡ects of relative weight or size on ¢ght intensity.
When the intruder won, there were signi¢cant positive correlations between female weight and both ¢ght duration (r Sˆ0 .451, p50.05) (¢gure 5) and ¢ght intensity (r Sˆ0 .448, p50.05) . That is, the resident gave up sooner when the female was of low reproductive value.
DISCUSSION (a) E¡ects of relative and absolute opponent size
The sequential assessment game (Enquist & Leimar 1987) , in keeping with previous models of contest behaviour (Maynard Smith 1982) , predicts that the duration and/or cost of a contest should be negatively related to the size disparity of the contestants. That is, each contestant should assess the relative size di¡erence and the greater this di¡erence the more quickly this may be perceived and the smaller animal give up. The present data, however, are equivocal on this point. When all ¢ghts were considered, no measure of relative weight or size correlated with either duration or intensity. In contrast, if animals were classed as winners and losers or as intruders and residents, then losers that were large relative to winners and intruders that were large relative to residents persisted for longer and fought more intensely. However, the factors that provided the strongest correlations with ¢ght duration were the absolute weight and absolute ¢rst leg length of the loser. The absolute weight or size of the winner was not correlated with either duration or intensity of ¢ghts. It thus appears that the course of a ¢ght is determined more by absolute size of the loser than by relative size of the combatants.
This disparity with theory is also noted when ¢ghts won by the resident or by the intruder are considered separately. In the former case the loser's weight was positively correlated with both ¢ght intensity and duration, whereas the relative weight (resident^intruder) was only correlated with duration. When the intruder won there were a number of correlations between ¢ght duration and absolute resident (loser) size and also for relative size (resident^intruder). Those for absolute size of the loser, however, were stronger than for relative size. Similar ¢ndings have been reported for ¢ghts over females in Gammarus pulex (Dick & Elwood 1990) , suggesting that assessment of relative size might be di¤cult in some animal contests and eventual losers might base their decision of when to give up at least partly on some aspect of their own morphology or physiology. Plaistow & Siva-Jothy (1996) , for example, showed that male damsel£y contests are determined by the fat reserves of the loser.
In many studies the e¡ects of absolute sizes of the loser are not reported, only those of relative sizes (e.g. Faber & Baylis 1993; Neil 1983; Hack et al. 1997) . This could present a problem if a signi¢cant relative size e¡ect is generated by a more substantial absolute size e¡ect. Other studies examine both absolute and relative sizes and report only e¡ects on duration for relative size (e.g. Thornhill 1984; Otronen 1984 ). Yet others report no e¡ect of relative size on duration (e.g. Turner & Huntingford 1986; Harvey & Corbet 1986) . Thus, assessment of relative size does not appear to be a universal feature in animal contests, even though it forms a central part of the theory. Perhaps a variety of features of the morphology or physiology of contestants, unrelated to their relative size, in£uence their motivation to persist in a ¢ght (Neat et al. 1998) . A variety of measures of the contestants and both absolute and relative values is required in future tests of the assessment abilities of animals in contests.
(b) E¡ects of residency
The data are clear in demonstrating that residents are more likely to win than intruders. Furthermore, intruders that won were signi¢cantly larger, on average, than residents that won, indicating that, in general, particularly large intruders won. There was also a strong trend for residents to win more quickly than intruders, suggesting that residents had a higher motivation, that is, were willing to persist for longer than intruders. That residents are more likely to win than intruders is in keeping with numerous studies in which a role asymmetry exists, including M. segmentata (Hack et al. 1997) . However, residents may be more likely to win for several reasons. There might be an accumulation of high-quality residents on persistent resources. This is likely to occur in M. mengei. However, in the present experiment all the contestants had been residents and there was no di¡erence in the morphology of residents and intruders. Had we waited for normal intruders to arrive naturally these would be expected to be of lower quality than normal residents. Ownership may determine victory by convention (Davies 1978) but our data showing size and resource value e¡ects seem to refute this possibility. Ownership might in£uence RHP because of positional advantage. This can occur when males physically hold on to females as in amphipods (Dick & Elwood 1990) , but this situation does not pertain in the present study. Residents might value the resource more, perhaps because they have made some initial investment that would have to be made by a new male, possibly in evaluating the female. A ¢nal possibility is that the capture and transport of a spider to another web might adversely a¡ect his ¢ghting ability or motivation. One or both of these ¢nal possibilities may explain why residents won more often than intruders and why residents tended to be more persistent in ¢ghts.
(c) E¡ects of resource value Enquist & Leimar (1987) predict that ¢ght duration and/or cost should increase with increasing resource value and this was clearly upheld in the present study. When intruders won there were positive correlations between female weight and both ¢ght intensity and ¢ght duration. As heavy female spiders typically have more eggs, or eggs in a more mature state (Hack et al. 1997; Prenter et al. 1994a ), then such females should be more valued as a resource. In the present study, each female had been removed from the web prior to the contest, however, the resident would have had ample time to gain information as to her reproductive value prior to the contest. Thus it is clear from the present study that the resident is able to adjust his ¢ght tactics according to the value of the resource as has been noted in other studies (e.g. Austad 1983; Riechert 1984; Hack et al. 1997) .
In contrast, when the intruder gave up leaving the resident as the winner, there was no e¡ect of female weight, which suggests that intruders cannot assess female quality. A previous study had shown that male M. segmentata can quickly assess whether a female is mature or not, purely by pheromones on her web (Prenter et al. 1994c) . In that study, however, males were not contesting webs, just deciding whether or not to assume guarding. Part of the assessment process appeared to involve passing the front legs through the mouth parts as if tasting the legs after contact with the web (Prenter et al. 1995 ). This behaviour is not possible when being attacked by the resident male and one of the functions of early attack by the resident might be to prevent the intruder gathering information. It is possible, however, that the web-borne pheromones only convey limited information as to whether or not the female is mature and lacks information as to her precise reproductive value. This information may, perhaps, only be gained by a guarding male judging the weight of the female when she goes onto the web-face for maintenance or to catch small £ies. Note that only large £ies initiate courtship, and guarding males would have numerous opportunities of assessing the female as she moves on the web. Clearly, the intruder would lack this information. Enquist & Leimar (1987) also predict that the resident's probability of winning will increase when the resource value is high. That is, because the resident (but not the intruder) should know the value of the resource, adjustment of e¡ort by the resident should result in intruders winning only low-value resources. Our data do not support this prediction. There was no di¡erence in the weight of the females, the webs of which were the platforms for these contests, between those where the intruder won and those where the resident won. Given that residents give up early with poor-quality females this negative result is surprising. The large e¡ects of residency and contestant size on the outcome of ¢ghts, however, are likely to mask the expected e¡ect of residents losing lower-quality females. Given a larger data set we would predict such an e¡ect to be found.
CONCLUSION
The present data demonstrate that contestant size, role asymmetry and information asymmetry all in£uence these agonistic encounters. The data suggest, however, that the duration of the encounter is determined more by the absolute size of the loser than by relative size, suggesting that relative size is di¤cult to assess in these encounters. This is unexpected given the long duration of the contests and the curious stretch^vibrate display of the front two pairs of legs. The duration of encounters lost by the resident show that the resident has information about the value of the female but the intruder does not. Imperfect assessment of opponents and lack of information about resource value by the intruders appear to preclude optimal ¢ghting behaviour and, hence, theoretical expectations are not always upheld.
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